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Abstract 
This paper focuses on the study of the effect of chemical treatments of fibers by alkalization on the flexural properties 
of polyester matrix composite reinforced with natural fibers. The used reinforcement consists of Alfa fiber, extracted 
from the plant Stippa tenacissima from Hodna Region (Algeria). Alfa fibers are subjected to alkali treatments with 
NaOH at 1, 5 and 10% for a period of 0, 24, and 48 h to 28 °C. The composites reinforced with layers of Alfa random 
costituente a rate of 40% by weight. Influence of alkaline treatments on the flexural properties is studied to determine 
the optimum conditions of alkaline treatment. The experimental results show that the bending behavior of composites 
made from alkali treated fibers are better compared to the untreated fiber composite,  For a fiber processing Alfa 10% 
NaOH in 24h, the flexural strength and flexural modulus improved by 23 MPa to 57MPa and from 1.16 to 3.04 GPa. 
However, the flexural properties of composites decreased after alkali treatment with 5% NaOH for 48 h. This is 
mainly due to the reduction of lignin that binds the cellulose fibrils together. 
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1. Introduction 
The application of natural cellulose fibers as reinforcements in composite materials has finding 
increased use over the last few years. The attractive features of natural fibres have been their low cost, 
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light weight, high specific modulus and health hazards of composites reinforced with synthetic fibers such 
as glass, carbon and aramid fibers. These advantages place the natural fibre composites among the high 
performance composites having economical and environmental advantages [1–3]. Several natural fibers 
such as sisal, jute, coir, bagasse, flax and Luffa cylindrica fibers have been studied as a reinforcement and 
filler in polymer composites. Those studies were performed to improve the mechanical properties such as 
tensile strength, impact strength, flexural modulus and etc. Natural fibre-reinforced polymers can exhibit 
very different mechanical performances and environmental aging resistances depending on their 
interphase properties. The principal function of the interphase is to facilitate transfer of stress from fibre to 
fibre, across the matrix [4]. Since the interfacial bond between the reinforcing fibres and the resin matrix 
is an important element in realising the mechanical properties of the composites. Because of the 
insufficient interface quality between the fibres and the polymer matrix is the first and the most important 
problem in natural fiber reinforced composites, the surface modification of the fibers by chemical 
treatments is one of the largest areas of current research. Several authors [1–5], have focussed the studies 
on the treatment of fibres to improve the bonding with resin matrix. A modification of the fibers can either 
increase or decrease the strength of the fibers, and thus an understanding of what occurs structurally is of 
great importance [6]. 
This paper describes the preparation of the polyester composites reinforced with Alfa fibers. An 
attempt has been made to study the fracture behavior of alkali treated Alfa fiber composites under a three-
point bend. The effects of the NaOH concentration (1, 5, and 10%) and duration to immerse the fibers (0, 
24 and 48h) were studied, and their effects on the fiber surface morphology and the composite’s flexural 
strength were analyzed and are discussed. 
2. Experimental 
2.1. Materials  
Alfa fibers were collected from Hodna region (Algeria). Alfa grass (Stipa tenacissima L.) is a tussock 
grass; it is constituted of stems with a cylindrical shape which have a maximum height of about 1m. Alfa 
fiber had a specific surface (in a dry state) of 3m2/g [7]. According to Paiva et al. [5], the chemical 
composition of Alfa grass is composed of 45% of cellulose, 25% pentozane, 23% lignin, 5% wax and 2% 
of ash. Alfa fiber bundles are characterized by a mean diameter of 113 m (ranging from 90 to 120 m) 
and a density of ȡ=0.89 g.cm-3 [8].  
The polar groups present in natural fibers are responsible for their good adhesion with thermosetting 
matrices like polyesters, epoxies and phenolics [9]. In this work, commercial unsatured polyester (UP) 
ISO for stratification is used as a resin.  
2.2. Pretreatment   
Once the Alfa fibers were harvested, they were washed with water (2% detergent solution) to remove 
the contaminants and adhering dirt. Thereafter, they were air dried for 72h at room temperature, and then 
Alfa stems were placed in packets, preserved in polyethylene bags and stored away from light for 60 days 
at ambient temperature. After the storage period, Alfa stems were cut into 6cm lengths. These cut Alfa 
stems were milled using a vertical axis wheat mill. Its principle is to crush the chopped Alfa stems 
without destroying the fibrils. This is achieved by adjusting the distance between the grain grinders. The 
fibers obtained were then sieved to remove volatile compounds. Finally, the Alfa fibers are carded to 
make then soft and separated. After this Alfa pretreatment, the lengths of fiber varied from 0.4 to 6cm. 
The resulting fibers were denoted as untreated Alfa fibers. 
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2.3. Alkali treatment of Alfa fiber  
The Alfa fibers were soaked in a 1, 5 and 10% NaOH solution at 28°C. The fibers were kept immersed 
in the alkali solution for both periods of 24 and 48 h. The treated Alfa fibers were then washed several 
times with distilled water. Any traces of NaOH, remaining on the fiber surface, were neutralized with 2 % 
sulfuric acid during 10 min. The fibers were washed again with distilled water until obtaining a pH = 7. 
Subsequently, the fibers were dried at 60°C for 6 hours. The weight loss after treatment was measured 
accordingly. 
2.4. Composite manufacturing methods 
The chopped fibers were randomly spread in a mould cavity. Extreme care was taken to get uniform 
distribution. A mixture of diluent with 3wt% UP resin was sprayed onto the random mat so that it can 
handle during the molding. Mould was then closed and pressure was applied to get it as a single mat 
(Fig.2). Composites were made using a wood mould measuring: 200 x 150 x 10 mm3 length, width and 
depth, respectively. The resin selected for this study was an isophthalic polyester resin which was cured 
using 1% of methyl ethyl ketone peroxide catalyst and 0.5% of cobalt–naphthanate accelerator. The 
manufacturing of the structural composite consists in soaking two random mats with polyester resin in the 
mould impression, then to press them with the mould cover. To clarify effect of chemical treatment on the 
flexure properties of Alfa fibers reinforced polyester composite; five plates of composites are 
manufactured (see Table1) using hand lay-up technique or contact method [10]. The mat was then 
impregnated in the resin and the post curing was done at 50° C for 24 h. The filler content was fixed at 
40wt% for all the composite materials. 
Table 1. Different manufacturing composites 
 
 
 
 
 
2.5. Flexural test  
Flexural tests were performed using a three point bending set-up according to the ASTM D790 
standard. The span length to the specimen thickness ratio is maintained at 16:1. At least five specimens 
were tested for each processing condition. The samples with dimensions of 12 x 1.5 x 0.8 cm3 (length x 
width x thickness) were tested using ZWICK Z50 machine (1 mm/min). Flexural strength and flexural 
modulus were then obtained using the expressions: 
 
ıf = (3PL)/(2bd2)                                                                                                                              (1) 
Ef = (L3m)/(4bd3)                                                                                                                              (2)   
Composites Fibers treatment  Designation 
Composite 1  Untreated Alfa fibers T0000 
Composite 2 01% NaOH at 24h T0124 
Composite 3 05% NaOH at 24h T0524 
Composite 4 10% NaOH at 24h T1024 
Composite 5 05% NaOH at 48h T0548 
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Where L is the support span; b, the width of the specimen; d, the thickness; P, the maximum load; and 
m, the slope of the initial straight line portion of the load–displacement curve. 
3. Resultants and discussions 
3.1. Treatments induced variation in Alfa fiber 
To clarify the effect of Alkali treatment on Alfa fiber, so to see up close the morphological changes 
that occurred after treatment of the fibers; examinations were carried out on the untreated and alkalized 
fibers. The scanning electron microscope (SEM) photographs of morphology in diameter direction of 
both untreated and alkalized surfaces are exhibited in Fig.1. As shown in micrograph Fig.1a, the surface 
of untreated Alfa fiber was found to be porous and a considerable roughness was observed. It appears that 
the fiber surface of the untreated Alfa fiber is covered by an unevenly distributed layer which is probably 
assigned to the non-cellulose compounds (like waxy substances, oil and impurities). 
The surface of the treated fiber, Fig.1b, is quite changed. The color of the fiber becomes more and 
more yellowish whenever the percentage of NaOH increased. It can be seen that the waxy layer and 
impurities are completely removed from the fiber surface. The treated surface of fiber becomes rather 
smoother as compared to that of untreated fiber.  Following the alkalizations, the pores became visibly 
clear and it this may be due to leaching out of waxy substances and impurities from the surface of fiber. 
Vazquez et al. [9] observed that the alkaline treatment used on the sisal fibers produce fibrillation and 
collapse of the cellular structure due to the remotion of the cementing material, which leads to a better 
packing of cellulose chains. Alkali treatment also leads to fiber bundle fibrillation (Fig.1c), that is, 
breakdown of the composite fiber bundle into smaller fibers, which increases the effective surface area 
available for contact with the wet matrix [11].  
 
                                                    
Fig. 1. Photographs of Alfa surface fiber: (a) untreated fiber; (b) treated fiber; (c) fibrillation of Alfa fiber.  
Significant differences in the fiber morphology were observed when alkaline concentration and/or 
treatment time varied. As known, a part of cementing components such as hemicellulose and lignin were 
dissolved during the alkali treatment. Therefore, the content of hemicellulose and lignin on the surface of 
fiber decreased. Fibrillation is observed in the treated fibers and may be due to the leaching out of the 
waxy substances. It was found that the macro grass fibers are composed of smaller individual single fibers 
held together by material in the inter-fibrillar region. After alkali solution treatment, the materials in the 
inter-fibrillar region reduced and decreased with increasing the concentration of alkali solution and 
treatment time [11]. As a consequence: (i) the interfacial interaction between the fiber and matrix are 
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possible, (ii) this increases the effective surface area available of contact with the matrix, and (iii) the 
possibility of load transfer between the matrix and the reinforcing fibers. The loss in weight of Alfa fibers 
after alkali treatment; can be explained by the remarkable reduction in fiber diameter by the fact of the 
dissolution of the hemicelluloses. Bessadok et al. [8], have indicated that the chemical treatment reduce 
the radius of Alfa fiber. It was easily explained by recognizing that the waxes, gums and cement materials 
that ensured cohesion between cellulose microfibrils were partially eliminated by chemical treatments. 
This finding has also been reported by other authors [6, 12].   
3.2. Mechanical properties in flexure 
The effect of fibers treatment on the flexural properties of Alfa reinforced polyester resin can be seen 
in Fig.2. Results show that mechanical proprieties are strongly changed with fibers treatment. The 
flexural strength of composite T1024 showed the best flexural strength properties (57 MPa) which is 
nearly 60% more than that of T0000 composite. Compared to this last material, the flexural strength in 
both composites T0124 and T0524 increased significantly by # 30% and # 12% respectively. This may 
be due to bonding of the fibre with the polyester matrix there by improving the fibre-matrix interaction 
[13]. From Fig.2a it is observed that the flexural strength of the material T0548 was considerably lower 
than T0000 composite about 22%. The remarkable reduction in the mechanical properties found in the 
composite T0548 should be mainly the result of the longer treatment time of Alfa fibers. Mishra et al. 
[11] reported that 5% NaOH treated sisal fiber-reinforced polyester composite had better tensile strength 
than 10% NaOH treated composites. This is because at higher alkali concentration, excess delignification 
of natural fiber occurs resulting in a weaker or damaged fiber. The tensile strength of the composite 
decreased drastically after certain optimum NaOH concentration. 
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Fig. 2. Comparison of (a) flexural strength and (b) flexural modulus of different tested materials 
Three-point bend tests showed that the alkali treatments of Alfa fibers have also a significant effect on 
flexural modulus. From the histogram in Fig.2b, It is clearly seen that the material T1024 showed the 
highest improvement in terms of flexural strength; which increased by # 62% compared to T0000 
material. This remarkable increase in flexural modulus may be an indication of better adhesion between 
and the polyester and modified Alfa fibers. From the Fig.2b it is observed that the flexural modulus of the 
composite T0548 was considerably lower than those for the untreated Alfa/polyester composite about 
20%. Compared to T0000 composite, the improvement in flexural modulus relative to both materials 
a) b) 
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T0124 and T0524 were about 45% and 55% respectively. It is observed that the flexural modulus of the 
treated Alfa/polyester during 24h increases with an increase NaOH concentrations. However, and as it 
show in Fig.2b, the material T0524 is found to have lower values of flexural strength compared to the 
composite T0124.   
4. Conclusion 
The alkali treatment of fibers Alfa improves the quality of the fiber/matrix interface. Flexural test 
results showed that both NaOH concentration used and time treatment have a significant effect on the 
mechanical properties of Alfa fibers reinforced composites. An alkali treatment of fibers with 10% NaOH 
over a period of 24 hours led to the improvement of flexural strength and modulus of about 60% and 
62%, respectively. However, the treatment of fibers over a prolonged period (48h) makes the fibers stiffer 
and more brittle. The results of this study suggest that local Alfa fibers are comparable to other natural 
fibers used as reinforcement in polymer matrices. They are completely suitable for use as reinforcement 
in composites. 
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